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AHWT Operation

Introduction
A unique experimental capability in the academic panorama
is the 1.6MW Huels-type vortex stabilized Arc-Heated
Wind Tunnel (AHWT) facility located at the Aerodynamics
Research Center (ARC) of the University of Texas at
Arlington.
The facility has a run time of up to 200s, bulk enthalpies
up to 8MJ/kg at 6atm, operates steadily at mass flow rates
ranging from 0.07 – 0.18 kg/s, and is currently utilizing a
conical Mach 1.8 nozzle. The DC power supply is a currentregulated Halmar 1.6MW. The power supply converts threephase 2,400V AC to DC output. Maximum steady-state
operating conditions are 2,000V and 800A.
Recently, the facility underwent major modifications and
upgrades to support advanced TPS research. Every
component subsystem (power supply, cooling, vacuum,
injection, control and data acquisition) had to be rebuilt,
reinstalled, modified or repaired in some form or fashion
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Transition Analysis

The arc is initiated with argon because argon has a lower ionization potential than nitrogen. The arc is then transitioned to the
primary working gas of nitrogen, or a nitrogen-oxygen mixture that is designed to match realistic partial pressures values
encountered in hypersonic flight.
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Flow Characterization
A detailed characterization of the high-enthalpy plume is an
essential element for the correct evaluation of the TPS
performance and the transition studies. The documented
ablation properties of TEFLON are used to relate the heat flux
to the regression rate of the test sample. TEFLON tests are
also employed to investigate the plume uniformity in the
locations of interest during the design of experiments.

The bulk enthalpy is calculated with the energy balance
method while the enthalpy profile is derived from the heat
flux measurements (null-point calorimeter from NASA Ames)
and Pitot probing. Several tests are performed to retrieve
the enthalpy decay downstream of the nozzle exit. The
experimental methods are augmented with a parallel
numeric effort using the FLUENT code.
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Completed Projects
The newly modified facility has been extensively used to
support two recent projects for Carbon-Carbon Advanced
Technologies (C-CAT): a material characterization for the
SWEAP program sponsored by ONR and a project on
advanced TPS sponsored by AFRL.
The ability to tailor the required testing conditions to meet
the desired target conditions at the specimen location
(equilibrium temperature, equilibrium heat flux, desired
partial pressures, shear level, etc.) is accomplished by
way of a code developed by the group which uses MATLAB
to iteratively call various modules within NASA’s CEA to
obtain the species composition and thermodynamic
properties of the plume. The test is monitored via video,
pyrometer data, and multiple other instruments integrated
via LabVIEW software. Below is a typical TPS sample
surface temperature trace measured with a pyrometer,
note the steadiness maintained over the targeted two
minute test cycle.
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Coupling of Boundary Layer and Material Thermal Response to Investigate the Transpiration Cooling
Technique for Reusable Thermal Protection Systems
Transpiration cooling is an attractive active cooling method
when Carbon-Carbon TPS are considered. The natural
porosity of the material can be tailored to meet different
cooling requirements in selective areas of the structure. The
success of this technique is strictly related to the
understanding of the coupling between aerodynamic and
material-related phenomena.

The heat flux derived from the boundary layer analysis is used
as a boundary condition to calculate the injection parameters
at the cold wall of the porous material (MAT-code). A simplified
1-D stationary heat exchange model into the porous media was
implemented.

Coupling of the aerodynamics with the material by the incoming heat flux

A reduced-order code (AERO-code) has been developed
implementing the Navier-Stokes equations written, initially,
for a thin boundary layer in a laminar regime. The
transpiration is modeled as a boundary condition at the
wall.
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The predictive capability of the coupled codes will be assessed
by an experimental campaign on a blunted C-C/SiC, cone.
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Current research interests include the study of the effects
of finite Damkohler number on supersonic transition over
realistic (reusable-TPS) surfaces in passive and active
oxidation regimes. The emphasis is on the analysis of
transition bypass over axisymmetric geometries. The
experimental investigation will leverage on IR thermography
and spectroscopy. It is desired to improve the state of
knowledge and modeling of the mutual interaction between
the transitional processes and reusable thermal protection
material response.
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Future Work Plan
With the restoration of the facility and two TPS characterization
projects complete the arc-heater plans to have a busy future.
The future plans for the facility include, but are not limited to:
•Continued partnership with C-CAT studying advanced TPS
systems
•Experimental investigation of transition effects of the
hypersonic boundary layer on TPS materials
•Experimental investigation of actively cooled transpirating
materials to validate developed numerical model
•Design of new nozzle to increase facility Mach number from 1.8
to 4~5. Will also increase plume diameter so larger test articles
may be subjected to flow
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